Abstract
Introduction

52
The segmented nature of influenza A virus (IAV) genomes poses a logistical challenge for 53 viral replication, as all of the eight negative-sense single-stranded RNA segments must find their 54 way into a budding virion to give rise to an infectious particle [1, 2] . Following nuclear export, viral 55 ribonucleoprotein complexes (vRNP) containing newly synthesized viral RNA (vRNA) assemble 56 on recycling endosomes en route to the plasma membrane for packaging into virions [3, 4] . An 57 accumulating body of evidence suggests that the intracellular pre-assembly process of vRNP 
60
RNA interactions [8, 11] . Further support for these intersegmental interactions comes from 61 colocalization studies during intracellular viral assembly that showed that segments colocalize 62 with certain other segments preferentially during their transport to the plasma membrane [3, 4] .
63
All eight IAV segments are coated by viral nucleoprotein (NP) molecules, which until 64 recently were thought to cover the entire length of the segments uniformly like 'beads on a string' 65 [12] [13] [14] [15] [16] [17] . Using HITS-CLIP (high throughput sequencing of RNA isolated by crosslinking and 
80
independent manner [22, 23] , raising the question of how strain-specific NP binding to vRNA is 81 accomplished. We did observe a statistically robust bias for NP binding sites in that they are 82 relatively depleted in uracils and enriched for guanines compared to genome-wide nucleotide 83 content [18] . However, given the vast spread in nucleotide content among all NP peaks in the 84 viral genome, this bias is unlikely to be the sole underlying determining factor of NP recruitment.
85
Moreover, despite the lack of nucleotide selectivity of NP in vitro, it cannot be ruled out that 86 accessory proteins in vivo ensure specific nucleotide sequences to be recognized and bound by
87
NP. An alternative possibility is that three-dimensional organization of the IAV genome guides NP 88 interaction with vRNA, which would be somewhat comparable to higher-order chromatin structure 89 of eukaryotic DNA genomes contributing to nucleosome packaging [24, 25] .
90
In this study, we examined how NP association impacts virus replication by introducing 91 local mutations to alter the NP binding profile. We unexpectedly observed that local changes in 92 nucleotide sequence can produce global changes in NP binding in a nucleotide sequence-93 independent manner. Moreover, we observed that alterations in NP binding profiles can affect 
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This region in the WSN NS gene segment exhibits robust NP binding, while the corresponding 125 region in H1N1pdm is depleted for NP association ( Figure 2B, red Figure 2B ). These ~200 nucleotides of the 5′ NS vRNA account for the C-terminal regions of the 131 NS1 and NS2 proteins, which are 80% and 90% conserved, respectively, between both strains.
132
These NS mutant strains were rescued and amplified for subsequent HITS-CLIP analyses to 
139
Taken together, our results indicate that vRNA sequence can direct NP binding. 
216
The Ct values for the chimeric WSN [pdm-NS 5′] mutant were lower than for the wildtype strain,
217
indicating an overall higher absolute quantity of vRNA in the mutant while the relative abundance 218 between the eight segments within each strain was similar ( Figure 6B ). These data indicate that, 
239
increase in the formation of semi-infectious particles (Figures 4-6 ).
240
A revised influenza virus genome architecture has recently been proposed, which
241
suggests that NP binds vRNA in a non-uniform and non-random manner [18, 21] 
HITS-CLIP and deep sequencing data analysis
302
HITS-CLIP experiments were performed as described [18, 32] 
363
Hemagglutination assay
364
A V-bottom 96-well microtiter plate was used to make 2-fold serial dilutions of virus in PBS.
365
An equal volume of 0.5% turkey red blood cells ( 
478
Replication kinetics of wildtype and chimeric mutants of H1N1pdm (A) and WSN strains (B).
479
MDCK cells were infected in triplicate at a MOI of 0.01. Supernatants were collected at the 480 indicated time points and virus titers were determined using TCID50 assays. Two-way ANOVA
481
analysis was used to determine statistically significant differences (marked by asterisks). (C) 
